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Synopsis A strong non-dipole effect in the vicinity of the Cooper minimum of argon ions has been investigated via sequential
ionization by VUV FEL pulses of FERMI, Italy.

The basic principles of light matter interaction
are continuously challenged by novel insights into ul-
trafast and non-linear processes. One of these funda-
mental principles is the dipole approximation that is
commonly assumed to be valid at low photon ener-
gies including the soft X-ray region. Although it has
been shown at synchrotron radiation facilities that
this approximation has limitations [1], it has been un-
clear how these non-dipole effects impact the charac-
teristics of non-linear processes. Recently, ultrafast
and ultraintense Vacuum UltraViolet (VUV) pulses
from free-electron lasers (FELs) have been used to
efficiently study the photoelectron emission charac-
teristics of noble gas ions by determining their elec-
tron angular distributions [2]. In that scheme, singly
charged ions that are created with an FEL pulse are
further ionized within the very same light pulse that
has a total duration of typically few to few hun-
dreds of femtoseconds. Besides the detailed study of
non-linear processes in light-matter interaction, the
scheme of sequential photoionization enables the ef-
ficient production and spectroscopic exploration of
ionic species. Here, we present experimental evi-
dence of a symmetry breakdown in such a sequential
ionization process in the vicinity of the Cooper min-
imum of singly charged argon around 50 eV photon
energy, measured at the VUV FEL FERMI in Italy
(see Fig. 1). The angular distribution parameters β2,
β4, and γ2 have been determined for all final states of
the second ionization step, i.e. Ar2+(3p4) - 1S, 1D, 3P.
The results are in agreement with and extend previ-
ous experimental studies [2] and reveal a pronounced
non-dipole effect with very good statistical accuracy
(γ2-values). These are in good qualitative agreement
with theoretical predictions [3, 4], but also indicate

an underestimation of the effect in these calculations.
Our new calculations, shown in Fig. 1, with opti-
mized electron orbitals, are in better agreement with
the experiment.
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Figure 1. Preliminary results of the angular distribu-
tion parameters of electrons emitted from Ar+(3p5) to
Ar2+(3p4)3P.
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